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THREE years ago I published some new methods of stereo- 
scopy and pointed out that from a mathematical point of view 
Roentgen-ray stereoscopy is a much simpler problem than ordi- 
nary stereoscopy with a photographic camera with lenses. With 
Roentgen rays the object and its projection are on the same side 
of the centre of projection, whereas with the camera they lie one 
o n  either side of this point, and the image is therefore reversed. 
With the camera, owing to the position of the conjugate loci, the 
ratio of the distances is fixed, but with the Roentgen rays this 
is not the case. With the rays, the plate may be at any angle, 
althoi~gh I only considered the " normal " case, so as to simplify 
the  construction. I pointed out the mistake of applying the laws 
of  lens stereoscopy to Roentgen stereoscopy, since, in my opinion, 
the simplest way is to derive ordinary stereoscopy from Roentgen 
stereoscopy. The so-called " pin-hole camera"  is a transition 
s t age  between these two; in this the law of conjugate loci does 
not apply, and there is no principal axis. 

I showed that, for the mathematical reconstruction, the two 
Roentgen plates, or their virtual images, must be superimposed 
exactly at the same spot and in the same position with regard to 
the  two anticathodes. Further, since the anticathodes must be 
replaced by the eyes, the distance between the two anticathodes 
(base of exposure) must be equal to the distance of the optical 
centres of the two eyes (visual base). In practice this distance 
may be taken as 6 5 millimetres. 

I stated, thirdly, that the following conditions are requisite 
for the normal stereoscopic exposure: 

I. In the two exposures one plate must be placed exactly in 
the same place as the other; in other words, the plates must be 
congruent. 

1 Presented at a meeting of the Section of Photography and Micro,scopy 
held Friday, March 8, 1912. 
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2. The base of expo.sure--i.e., the distance between the two 
positions of the anticathode--must be 6 5 millimetres. 

3- The r~earest point of the object must be at least 2 5 centi- 
metres from the a nticathode, since at a lesser distance the eyes 
do not see stereoscopically. 

4. The base must be parallel to the photographic plate, and 
the middle point of the base opposite the middle of the plate. 
We may call the perpendiculars from the extremities of the base 
the "principal axes," and their intersections with the plate the 
" foot-points." 

All other cases may be considered as deviations from the 
normal exposure, and may be easily deduced from that. 

I have worked constantly, since the time of making these 
statements, to develop these methods, the first of which I named 
Polyphany. 

The pictures made both by  ordinary light and by X-rays are 
what we term, in mathematics, central projection, and, in stereo- 
scopics the connection between the two stereoscopic half-images 
is expressed by the fact that the exposing distance is the same 
for both, while the eentres of the two projections are separated 
from each other by a definite distance, which we call the " base- 
length." It will be readily understood that we may make any 
number of half-images from points which satigfy these require- 
ments. A given half-image is not limited to one definite comple- 
mentary half-image, but may be combined with any one of these. 
The question thus arises whether it may not be of advantage in 
practice to. make the stereoscopic exposure from more than two 
points. A simple experiment will answer this question in the 
affirmative. 

If  we hold a cylindrical stick in a horizontal position at a 
short distance from the eyes, both eyes will receive one and the 
same image of the stick, and what is hidden from one eye by the 
stick is also hidden from the other eye. 

It is quite different, however, if We hold the stick in a. vertical 
position, for then the left eye sees objects behind the stick hidden 
from the right eye, and the right eye sees what is hidden from the 
left. A similar phenomenon may be observed with the Roentgen 
rays if we place a thick wire parallel to the base before taking a 
stereoscopic skiagram. There is no representation on either plate 
of what is situated before or behind the wire, so that it is impos- 
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s ine  to dedide whether this wire is placed befo,re or behind the 
object itself. If, however, we place the wire perpendicular to the 
former direction, we can see quite clearly at what .depth the wire 
is situated. 

Fig. I shows a skeleton hand, in which the fingers are placed 
in an unnatural position, Four  expo,sures were made, the'respec- 
tive projectio,n centres making a squar~ o.f 65 millimetres in a 
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Te t r a pha ny :  P la te  wi th  a set:ofl[four:images. 

plane parallel to the plate. A metal shaft was placed under the 
hand ~in a transverse direction. If  we hold the plate so that the 
fingers point upwards, and examine the two, lower images through 
the stereoscope, we cannot distinguish whether the metal staff is 
behind o.r in front of the hand. 

Likewise, if we  look at the two uppermost pictures, we are 
still in doubt as to the position of the metal staff. Mathematic- 
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ally speaking, one has now obtained all the information derivable 
from these four pictures. Psychically speaking, however, this 
is not the case. When we turn the plate on its side and examine 
what is now the upper pair of pictures in the stereoscope, we 
obtain at once an accurate impression of the position of the metal 
staff, and on viewing the other pair we get a like result. Other 
details, such as the sh@e of the fingers, are also shown much 
more clearly. This, in my opinion, proves that a series of  four 
such skiagrams, that may be viewed two by two in various ways, 
has a decided advantage over the usual pair of stereographic 
negatives. I have named this Tetraphany. 

~IG. 2.  

Te t r aphany  in lozenge shape:  Position of the centres of projection. 

If, instead of a square, we take a lozenge with one diagonal 
equal to the base, as in Fig. 2, we may obtain five combinations 
from the four negatives. 

The result is almost as good as if we made three such nega- 
tives, with the centres of projection at the angles of an equilateral 
triangle (Triphany),  as in Fig. 3. In practice a threefold ex- 
posure will probably be sufficient. With the usual oblong shape 
of photographic plate, it is advisable to place the foot-points of 
the principal axes in 'the position shown in Fig. 4- 

Instead of  placing the three anticathodes at the angles of an 
equilateral triangle it may in certain cases be advantageous to 
place them ~in a straight line. 
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The X-ray worker knows very well that it makes a difference 
in what direction he takes stereo,scopic pictures of the ribs, and 
that they are best taken in such a manner that the stereoscopic 
base is not parallel with the ribs. A triphanic picture of a skull 
shows that some parts o.f it are better seen with the base line Of 
the eyes parallel to one  base, while other parts are clearer with 

Fro. 3. 

Triphany: Plate with a set of three images. 

the base line of the eyes parallel to the base line .of another pair 
o.f views. 

F o r  the examination of pictures in Triphany it is simplest to 
have a lens stereoscope with three lenses, the centres of which 
make an equilateral triangle having sides of 6 5 millimetres. 

The prirmiple of Polyphany, which I have thus described for 
Ro.emgenography, may also be made use' of for any other variety 
Of stereoscopy. 

The term Symphany relates to the simultaneous and coin- 
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cident examination of an object by ordinary physical light and 
X-rays. 

In making a stereoscopic picture with X-rays, the body to be 
radiographed ~is placed over the plate, with the X-ray tube at 
some convenient distance. One picture is then taken, say with 
the tube positioned on the left. A second radiograph is made 
after changing the plate without disturbing the body, but with 
the X-ray tube moved to the right. Since, for the mathematical 
reconstruction, the anticathodes must be replaced by the eyes, 
the distance between them (base of exposure) must be equal to 
the distance of the optical centres of the two eyes (visual base) 
of the operator. 
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Triphany: Position of the three foot-points on the plates. 

In the mathematical reconstruction by a mirror stereoscope 
the virtual images must coincide with the original position of the 
plates. The stereo-image appears on the exact spot where the 
object lay, exactly the same size and exactly the same shape, so 
that we may say the stereo-inaage is congruent with the original 
object. 

It is very readily seen that the operator, having an exact 
reconstruction, can, by using transparent mirrors instead of ordi- 
nary opaque ones, superimpose the so,lid virtual X-ray i~mage upon 
the original body, causing the external contour  o,f both solid 
images to coincide exactly. In the human body one will thus see 
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the bones through the skin in their exact relative positions. This 
may serve as a gu!d e to the surgeon during a n operation, since 
he is able to. apply his scalpel to the desired spo~ with mathe- 
matical accuracy. This method---g.e., the contemporaneous pres- 
ence of the object itself together with its Roentgen-ray image--  
may be termed Symphany. 

By removing the object one sees only the Roentgen image 

]])LATE I ,  

Apparatus arranged for making the two stereoscopic radiographs: a. Double plate~holder 
(pIates changed by turning the holder over), b. Aluminum sheet, c. Body. d. Roentgen-ray 
tube. e. Screws for the tube adjustment,  f. Wheel for the stereoscopic displaeement~lof the 
Roentgen-ray tube. g. Screw for the adjustment of thedisplaeement,  h. Note-book. 

as a nebule of a distinct form. With a piece of white paper every 
point o f  this solid image can be touched, indicating in three 
dimensions exactly where the point lies, A divided rule may be 
held across this virtual stereo-image in any direction and the 
exact distance between those two points ascertained. This 
method, which I call Symphanometry, should prove of use for  
scientific measurement. In the stereogram is thus possessed not 
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only a means of giving a general psychical impression, but also 
a register of the actual mathematical proportions. Perhaps this 
method could be of value in obstetrics for giving an exact notion 
of the shape of the pelvis. 

In certain cases it might be of advantage to make a permanent 
record b 7 combining X-rays with the ordinary photographic 
stereogram. To perform this effectually the centre of projection 

P L A T E  2.  

T h e  s y m p h a n o r  in  pos i t ion:  al, a2. Rad iographs .  b. Mi r ro )  set  a t  45 °. T h e  obse rve r  looks a t  
a pa i r  of smal l  t r a n s p a r e n t  mir rors .  

must coincide-exactly with the optical centre of the lens system 
of the camera, and the displacement must be the same m both 
Cases. 

With the same camera one can reduce the X-ray pictures of 
an object to the same size as the photographic pictures of that 
object. Then, by using stereoscopic lenses with transparent mir- 
rors  at 45 degrees, so that the two sets of pictures can be viewed 
at the same time, they will be seen to be quite congruent. 
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()n account of the apparent difficulty of a physician troubling 
himself with so much mathernatics, I endea~rored to make an 
instrument that would do this work quite automatically. 

In the Proceedings of the Royal Academy of Sciences of 
Amsterdam, March 17, 19o9, I gave the full theory. This was 
reprinted in the ~4rchives of the Roentgen Ray, June, 19o 9. 

It was only in the first week in March of this year that I 

PLATE 3" 

The photographic camera in position: ~. Photographic camera, b. Wheel for stereoscopic 
adjustment. 

received my first working model from the "manufacto.ry of 
Reiniger Gebbert and Schall (Erlangen) ,  and I have to thank 
Messrs. Kny and Scheerer for giving me an opportunity for 
testing the apparatus. 

I highly appreciated the oppo.rtunity of demonstrating it 
recent!y, for the first time, before the Academy o f  Medicine of 
New York, and now experience the same pleasure in showing it 
to you. 
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